SUPPLEMENTAL METHODS

Genetic constructions
Vectors for pneumococcal transformation and protein expression in E. coli-Pneumococcal strains were produced in which lytA was deleted and replaced with an erythromycin cassette. The lytA gene and the flanking 1000 bp regions up-and down-stream of lytA were amplified from S. pneumoniae TIGR4 (T4) chromosomal DNA using Phusion polymerase (Finnzymes). The PCR primers contained overhang sequences with KpnI and XhoI restriction sites. The PCR product was digested and ligated into the pSP72 cloning vector (Promega) to produce the pSP72/lytA ±1000bp. SacI and XmaI sites were introduced directly after the LytA stop codon using Quick-Change (QC)-site directed mutagenesis kit (Stratagene). An erythromycin resistance cassette (erm) containing its own constitutive promoter and terminator sequences, was amplified from vector pVA838 (1) and ligated into the SacI and XmaI sites to generate pSP72/lytA-erm. To generate pSP72/∆lytA-erm a second SacI site was introduced immediately before the lytA start codon in pSP72/lytA-erm, and the lytA coding sequence was removed by SacI cleavage and religation of the vector. The ∆lytA-erm and lytA-erm amplicons were used for transformation of T4 and the resulting strains T4∆lytA and T4/lytA-erm ( Fig. 1b ) were isolated on blood agar (BA) erythromycin plates. The production of pneumococcal strains that express modified variants of LytA from its own promoter was done using cloning strategies based on in vivo recombination and Fusion PCR described in the Supplemental Methods and Figures sections (Supplementary Figs. S1-S2).
To make the T4R unencapsulated derivate of T4, the capsule genes cpsA-L (SP0346-360) were removed. This was performed by transforming competent T4 cells with a PCR product that fused a fragment upstream of cps4A gene with the chloroamphenicol cassette (pJS3) (2) followed by a fragment downstream of the cps4L gene and the resulting T4R strain was isolated on BA chloramphenicol plates. T4R∆lytA was produced through transformation of T4R with the ∆lytAerm amplicon.
To create a lytA expression vector (pET21d/lytA), lytA was amplified by PCR with primers containing NheI and HindIII overhangs, digested and ligated into the analogous sites in pET21d (Novagen). pET21d/lytA[H26A] was generated by QC site directed mutagenesis (Stratagene) using primers where codon 26 was altered from a His to an Ala. All plasmids and PCR amplicons used for S. pneumoniae transformation were confirmed by DNA sequencing.
Streptococcus pneumoniae mutant strains
A cloning strategy involving in vivo recombination and Fusion PCR was employed to make lytA constructs with nanA and rrgB signal sequences. First, the lytA coding sequence (cds) in pSP72/lytA-erm was replaced with the cds of nanA using an in vivo recombination procedure (3, 4) . The pSP72/lytA-erm plasmid was PCR amplified with Phusion polymerase (Finnzymes) omitting the lytA cds using primers that anneal outside the start and stop codons of lytA (Fig.  S1a) . The forward primers contain 20 base pair overhang sequences homologous to the last 20 bases of the nanA or rrgB cds and the reverse primer contained 20 base pair overhang sequences homologous to the first 20 base pairs of the nanA or rrgB cds. The nanA gene was PCR amplified from S. pneumoniae D39 genomic DNA and rrgB from T4 genomic DNA (Fig. S1b) . These PCR amplicons were mixed with the PCR amplified plasmid in a 1:1 molar ratio. The mixture was treated with DpnI for 3 h at 37º C to degrade the template DNA and 1 µl of the mixture was used to transform XL-gold competent cells (Novagen) (30 µl) where the vector and insert combine by homologous recombination (Fig S1c) (3, 4) . The resulting plasmids were designated pSP72/nanA(±1kb lytA )-erm and pSP72/rrgB(±1kb lytA )-erm (Fig. S1d) . These vectors were used as templates to produce signal peptide-lytA constructs as follows: PCR amplicons were produced covering the lytA 1000 bp upstream region and the nanA or rrgB signal peptide codons and an another amplicon was produced which included erm plus the lytA 1000 bp downstream region. The reverse primer of the first PCR reactions and the forward primer of the second PCR reaction had ~20 base pair overhang sequences homologous to the beginning and end of the lytA cds, omitting the start codon ( Fig. S2a-b) . In additional PCR reaction, the lytA cds (codons 2-318) was amplified with overhang sequences homologous to part of the nanA signal peptide and the beginning of the erm cassette ( Fig. S2a-b ). The three PCR products were purified and combined in a fusion PCR reaction (5) using primers annealing to the ends of the ±1000 bp lytA flanking regions (Fig. S2c) . The resulting PCR products (Fig. S2d) were purified and used to transform S. pneumoniae T4 cells to obtain T4/nanA(±1kb lytA )-erm and T4/rrgB(±1kb lytA )-erm ( Fig. 2a ).
